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We claim: 



of N- 



1. A process for the preparati^ 
(phosphonomethyl) glycine, a salt of N- 
(phosphonomethyl) glycine, or an ester of^ N- 
(phosphonomethyl) glycine, the process c/omprising 
combining an N-substituted N- (phospho/omethyl) glycine 
reactant with oxygen in the presence^ of a catalyst 
comprising a noble metal on a polyiner support, 

wherein the N-substituted N-/phosphonomethyl) glycine 
reactant has formula (V) : 



o 

7 II 
R O — C- 



O 



OR 



8 



N 



OR 



H 



(V) ; 



and are independpn 
consisting of hydrogeji/ fialogen 
hydrocarbyl , and subs 



-CO.R'^- and R^ R% R 



iti 



y seledted from the group 

P03R''R^^ -SO^R^\ -NO2, 
ted hydrocarbyl other than 



R 



13 



R 



14 



and R^^ are 



independently selec/ed\JErom the group consisting of 
hydrogen, hydrocarbyl, substituted hydrocarbyl, and an 
agronomically acoeptable cation. 



2 . T^e process of claim 1 wherein the polymer 
support compriyfees a basic polymer. 



3./ The process of claim 1 wherein the polymer 
support comprises a polymer selected from the group 
consisting /of polyamide, polyimide, polycarbonate, 
polyurea, /and polyester 
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4 . The process of claim 1 whe4:ein the polymer 
support comprises a polymer selected fyom the group 
consisting of polyethylene imine, polyaminostyrene, 
sulfonated polystyrene, polyvinyl pyridine, and a salt of 
polyacrylic acid. 



5. The process of cla/m 1 wherein the polymer 
support comprises polystyrene. 

6. The process of yclaim 1 wherein the polymer 
support comprises sulfonatea polystyrene. 



7 . The jproa 
I 

support comprises/ po Lyvii 

8 . Th4 j^arpoess 
support comprise^ pof^styr' 
dimethylamine gro 



if claim 1 wherein the polymer 
1 pyridine . 

of claim 1 wherein the polymer 
ne substituted with 



9. The/i^rjbcess of claim 1 wherein the catalyst 
further comprises a hydrophobic electroactive molecular 
species . 



10./ The process of claim 1 wherein the N- 
substituted N- (phosphonomethyl) glycine reactant is 
combined wiyth oxygen in the presence of the catalyst and 
2 , 2 , 6 , 6-te/tramethyl piperidine N-oxide. 



11. The process of claim 1 wherein the 
catalys/t further comprises a compound selected from the 
group ^consisting of triphenylmethane ; N- 
hydro^yphthalimide; 5,10,15,20- 
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tetrakis (pentaf luorophenyl) -21H, 23H-porp^ine iron (III) 
chloride; 2,4, 7-trichlorof luorene ; triaArylamine ; 2,2,6,6 
tetramethyl piperidine N-oxide; 5, 10, /b, 20-tetraphenyl- 
21H, 23H-porphine iron (III) chloride ;/4 , 4 ' - 
di f luorobenzophenone ; 5,10,15,20 - 1 ejtraphenyl - 2 IH , 2 3H 
porphine nickel (II); and phenothia^ine . 

12 . The process of cLaim 1 wherein the 
catalyst further comprises a ti^arylamine . 

13 . The process ofJ claim 1 wherein the 
catalyst further comprises t^ris (4-bromophenyl) amine 



14 . The proces 
catalyst further compris* 
N , N ' - dipheny 1 benz 



of claim 1 wherein the 
N"^' -bis- (3 -methylphenyl) 



15. A p|:5 
(phosphonomethyl 
(phosphonomethyl ) g 
(phosphonomethyl) g 



/czne 



>ce; 



for the preparation of N- 
a salt of N- 
'ine,\or an ester of N- 
'cine, the process comprising 
combining an N-subs^ituted N- (phosphonomethyl) glycine 
reactant with oxygen in the presence of a catalyst 
comprising a noblye metal and a promoter, 
wherein 

the N-subs£ituted N- (phosphonomethyl) glycine 
reactant has formula (V) : 



o 
II 
c- 



CH 
R 



N 



CH-,— P 



OR 



OR 



— C— H 



(V) ; 
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and are independently selectee^ from the group 
consisting of hydrogen, halogen, -P03R^^H^^, -S03R^^, -NO2, 
hydrocarbyl, and substituted hydrocarbyl other than 
-C02R^^• 

R\ R^ R% R'^ R^^ R^\ and R^^ afe independently 
selected from the group consisting ot hydrogen, 
hydrocarbyl, substituted hydrocarby/, and an 
agronomically acceptable cation; 

the promoter comprises a metafl selected from the 
group consisting of aluminum, runhenium, osmium, indium, 
gallium, tantalum, tin, and antVmony; and 

at least about 0.05% by w^agljt of the catalyst 
consists of the promoter/] 



16. The proces 
promoter comprises indiu^ 

17. The proc* 



claim 15 wherein the 



s of claim 15 wherein the 



promoter comprises galli/um. 



18. The process of claim 15 wherein the 
promoter comprises riithenium. 

19. The /process of claim 15 wherein the 
promoter comprises^ osmium. 



20. T^e process of claim 15 wherein R^ and R^ 
are independentyly selected from the group consisting of 
hydrogen, hydrocarbyl, and substituted hydrocarbyl other 
than -C02R^^; and R*^, R^, and R^ are independently selected 
from the gronp consisting of hydrogen and an 
agronomically acceptable cation. 
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21. The process of claim 15 wherein the noble 
metal and promoter are on a support . 

22. The process of claim 2/ wherein the 
support comprises graphitic carbon. 

23. The process of clai^ 21 wherein the 
support comprises a polymer. 



10 



24. A process for the preparation of N- 
(phosphonomethyl) glycine, a salt of N- 



( pho sphonome t hy 1 ) g 1 y c i ne , or 
(phosphonomethyl) glycine ,/ th( 

contacting a surfa 
oxidizing agent; 

depositing a noble 
to form a carbon- support 

combining an N-sub 
(phosphonomethyl) glycin 
presence of the carbon 

wherein the N-sub^sti 
reactant has formula /(V) : 



n ^ster of N- 
process comprising : 
carbon support with an 



al oAito the oxidized surface 
oxida\tion catalyst; and 
tuted N- 

eactant with oxygen in the 
ported oxidation catalyst, 
ted N- (phosphonomethyl ) glycine 



I I^OR 

I OR 
^ — C— H 



R 



(V) ; 



15 and are independently selected from the group 

consisting of h/drogen, halogen, -P03R^^R^^ -BO^R^'', -NO2, 
hydrocarbyl, amd substituted hydrocarbyl other than 
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-C02R'^- and R\ R^ R^', R'', R'\ and R^Vare 
independently selected from the group consisting of 
hydrogen, hydrocarbyl, substituted hyda^bcarbyl , and an 
agronomically acceptable cation. 



25. The process of claim/24 wherein the 
oxidizing agent comprises H2O2 . 

26. The process of claim 24 wherein (a) the 
carbon- supported oxidation cata/yst further comprises a 
promoter, and (b) at least abo/t 0.05% by weight of the 
catalyst consists of the prom(6ter 



27. The process 
promoter comprises inc 



f clai-m 2 6 wherein the 



im 



2 8 . The p 
promoter comprises g^ 



2 9 . The piryacess 



of claim 26 wherein the 



um' 



of claim 2 6 wherein the 



promoter comprises ruthenium. 

n\ 

30. The/prdqess of claim 26 wherein the 
promoter comprises osm; 



31. process for the preparation of N- 
(phosphonomethyi) glycine , a salt of N- 
(phosphonometh/l) glycine, or an ester of N- 
(phosphonomethfyl) glycine, the process comprising: 

combininw an N-substituted N- 
(phosphonomethyl) glycine mixture comprising an N- 
substituted/N- (phosphonomethyl) glycine reactant with 
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oxygen in the presence of a noble met^ catalyst in an 
oxidation reaction zone to form an N-J 
(phosphonomethyl) glycine mixture coimrising N- 
(phosphonomethyl) glycine, the salt /of N- 
(phosphonomethyl) glycine, or the ^ster of N- 
(phosphonomethyl ) glycine ; 

separating N- (phosphonomethyl) glycine, the salt of 
N- (phosphonomethyl) glycine, or /the ester of N- 
(phosphonomethyl) glycine from /the N- 

(phosphonomethyl) glycine mixture to recover the separated 
N- (phosphonomethyl) glycine, ysalt of N- 
(phosphonomethyl) glycine, oic ester of N- 
(phosphonomethyl) glycine and form a ;E^idual mixture; 



feeding at least /a 
back into the oxidati/on 



rtion of^ the residual mixture 
action zone, 

wherein the N-subs[t/it^y^d N- (phosphonomethyl) glycine 
reactant has formula (VJ 



R'O- 



25 



N-\- CH 
I ) 

C— H 



O 

II^or" 

""-OR® 



(V) ; 



30 



and are independently selected from the group 
consisting of hydrogen, halogen, -P03R^^R'^ -SOsR'S -NO2, 
hydrocarbyl, and yfeubstituted hydrocarbyl other than 
-C02R^^• and R^ if, R% R'", R'', and R^^ are 

independently selected from the group consisting of 
hydrogen, hydrc^arbyl, substituted hydrocarbyl, and an 
agronomically acceptable cation. 



32./ The process of claim 31 wherein when from 
about 20 to About 95% of the N-substituted N- 
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(phosphonomethyl) glycine reactant iniULally in the N- 

substituted N- (phosphonomethyl) glycine mixture has been 

consumed, N- (phosphonomethyl ) glycine/ the salt of N- 
(phosphonomethyl) glycine, or the ester of N- 

(phosphonomethyl) glycine is separated from the N- 
(phosphonomethyl) glycine mixture to recover the separated 
N- (phosphonomethyl) glycine, salt/ of N- 
(phosphonomethyl) glycine, or esycer of N- 

(phosphonomethyl) glycine and f^rm the residual mixture. 



33. The process ov£ claim 32 wherein N- 
(phosphonomethyl) glycine\ tiie salt of N- 
(phosphonomethyl) glycine, Vjr the e^^r of N- 
(phosphonomethyl) glycihei /i^ seua'rated from the N- 



(phosphonomethyl) glyciney 
about 90% of the N-subs 



reactant initially in jth'Is N-feubstituted N- 



(phosphonomethyl) glyCyine 



mixtlire when from about 5 0 to 
'utied N- (phosphonomethyl) glycine 



mixtVire has been consumed. 



34. The |6roce^3S of claim 32 wherein N- 
(phosphonomethyl) glycine, the salt of N- 
(phosphonomethyl) gflycine, or the ester of N- 
(phosphonomethyl)/glycine is separated from the N- 
(phosphonome thy l/) glycine mixture when from about 50 to 
about 80% of th4 N-substituted N- (phosphonomethyl) glycine 
reactant initially in the N-substituted N- 
(phosphonometjayl) glycine mixture has been consumed. 



35. The process of claim 32 wherein N- 
(phosphonomethyl) glycine, the salt of N- 
(phosphonomethyl) glycine , or the ester of N- 
(phosphonpmethyl) glycine is separated from the N 
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(phosphonomethyl) glycine mixture when from about 50 to 
about 70% of the N-substituted N- (phosp>(onomethyl) glycine 
reactant initially in the N-substituteyfl N- 
(phosphonomethyl) glycine mixture has been consumed. 



36. The process of claim/ 31 wherein the 
residual mixture is divided into a/ recycle mixture and a 
waste mixture by being pressurized and contacted with a 
membrane which selectively passefe a contaminant from the 
residual mixture while retainin^g (a) the N-substituted N- 
(phosphonomethyl) glycine react/ant, and (b) N- 
(phosphonomethyl) glycine, ther salt of N- 



(phosphonomethyl ) glyc 
(phosphonomethyl ) glyc ine , 



ov the es^er of N- 



.ere. 



the waste mixture co 
residual mixture whiLch p 
the recycle mixt|Li 



se; 



residual mixture whli 
membrane, and (b) c 
mixture which is fe 



m" 



ses any portion of the 
through the membrane; and 
omprises any portion of the 
does ncjt pass through the 

e portion of the residual 
the oxidation reaction 



'rises t. 



►ack int' 



zone . 



37. The^ process of claim 36 wherein the 
contaminant is a salt . 

38. The process of claim 31 wherein the 
residual mixtuiri^e is divided into a recycle mixture and a 
waste mixture /by being pressurized and contacted with a 
membrane having a molecular weight cutoff of less than 
about 1,000 flaltons, wherein 

the waste mixture comprises any portion of the 
residual md/xture which passes through the membrane; and 
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the recycle mixture (a) comprises any /portion of the 
residual mixture which does not pass through the 
membrane, and (b) comprises the portion of the residual 
mixture which is fed back into the oxidation reaction 
zone . 



39. A process for the preparation of N- 
(phosphonomethyl) glycine, a salt of N- 
(phosphonomethyl) glycine, or an ester of N- 
(phosphonomethyl) glycine, the process comprising 
introducing oxygen into a mixture comprising aro—N- 
substituted N- {phosphonomejj^yl /glycine r:^^ctant and a 
noble metal catalyst, 
wherein 

the oxygen is intp^duc^cj/^rffo the mixture through a 
membrane ; 

the N-substituted 
reactant has formula (XT) 



phosphonomethyl ) glycine 



if^OR 



H 



N 



CH,— P. 



C— H 



R 



OR 



(V) ; 



and are independently selected from the group 
consisting of hydrc/gen, halogen, -PO^R^^R^\ -SO^R'^\ -NO2, 
hydrocarbyl, and Substituted hydrocarbyl other than 
-COsR^^; and 

R*^, R^ R^ p^, R^^ R^\ and R^^ are independently 
selected from tne group consisting of hydrogen, 
hydrocarbyl, substituted hydrocarbyl, and an 
agronomically /acceptable cation. 
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40. A process for the preparation of N- 
(phosphonomethyl) glycine, a salt oy N- 
(phosphonomethyl) glycine, or an esfter of N- 
(phosphonomethyl) glycine, the prc&cess comprising forming 
a reaction mixture by combininQ/an N-substituted N- 
(phosphonomethyl) glycine react4nt with oxygen in the 
presence of a noble metal catalyst, 
wherein 

no greater than about /lO% by volume of the reaction 
mixture consists of undissolved ox^en; 

the N-substitut^dnWiphospJionomethyl) glycine 



reactant has formuW (V) 



R'O — 



R 



N 



R 



o 

II^or' 

OR^ 



H 



(V) ; 



15 



20 



and are j/nUeAendently selected from the group 
consisting of hydr6geh, \halogen, -P03R^'R'\ -S03R'S -NO2, 
hydrocarbyl, and Substituted hydrocarbyl other than 
-COsR^^; and 

R"^, rS W'^ i R^^,M^% and R^^ are independently 

selected from the group consisting of hydrogen, 
hydrocarbyl, sxy^stituted hydrocarbyl, and an 
agronomically acceptable cation. 



41./ The process of claim 40 wherein no greater 
than about 4%/ by volume of the reaction mixture consists 
of undissolved oxygen. 
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42. The process of claim 40 wherein no greater 
than about 1% by volume of the reaction/ mixture consists 
of undissolved oxygen. 



10 



15 



43. A process for the preparation of N- 
(phosphonomethyl) glycine, a salt of/N- 
(phosphonomethyl) glycine, or an ester of N- 
(phosphonomethyl) glycine, the protess comprising 
introducing oxygen into a mixtures comprising an N- 
substituted N- (phosphonomethyl) dlycine reactant and a 
noble metal catalyst in a stir^'ed tank jr^actor, 
wherein 



the oxygen is introc^ 
bubbles in a manner sue 
enter a region of the 



thaJ 



ac 




o the mixture as gas 
sentially no gas bubbles 
ough which an impeller 



passes ; 

the N-substitutei 
reactant has formula 



\ 



V) 



'phosphonomethyl ) glycine 



r' o — c 



H 



o 

II/Or' 

N — CH.— 



I 



OR 



Rl — C— H 



(V) ; 



20 



and are independently selected from the group 
consisting of hydrogen, halogen, -PO:,R^^R^\ -SO^R^\ -NO2, 
hydrocarbyl, and substituted hydrocarbyl other than 
-C02R^^; and 

R\ R\ R^ R7, R^^/ R^S and R^^ are independently 
selected from the/ group consisting of hydrogen, 
hydrocarbyl, substituted hydrocarbyl, and an 
agronomically aaceptable cation. 
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44. A process for the preparation of N- 
(phosphonomethyl) glycine , a salt of 
(phosphonomethyl) glycine, or an esbfer of N- 
(phosphonomethyl) glycine, the process comprising: 

combining an N-substituted 
(phosphonomethyl) glycine reactap{t with oxygen in the 
presence of a noble metal cata/yst in an oxidation 
reaction zone to form an oxidation product comprising (a) 
a ketone, and (b) N- (phosphonomethyl) glycine , the salt of 
N- (phosphonomethyl) glycine,/ or the ester of N- 
( phosphonomethyl ) glycine ; 

separating the k^onjk ti:gm\iYiB oxidation product to 

recover the ketoil 

using the reaovere, 
form the N-substifc 
reactant; and 

combining th 
(phosphonomethyLO 
with oxygen in tH 



te;d7N- ( 



^etone as a starting material to 
.osphonomethyl ) glycine 



substituted N- 
l^cine reactant derived from the ketone 
resence of the noble metal catalyst 



in the oxidation i^^a^tion zone, 

wherein the tJ->^iibstituted N- (phosphonomethyl ) glycine 

reactant has foryfiula^ (V) : 



OR 



8 



R O — C 



CH 
R 



N — CHo— P- 



— C— H 



the ketone Has formula (VIII) : 



OR 



(V) ; 



25 



pi — c — R^ 



(VIII) ; 
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and are independently selected frdm the group 
consisting of hydrocarbyl and substitidted hydrocarbyl 
other than -CO^^R^^j and R^ R^ R^ ancJ R'^ are 
independently selected from the group consisting of 
hydrogen, hydrocarbyl, substitute^ hydrocarbyl , and an 
agronomical ly acceptable cation. 



10 



45. The process of Claim 44 wherein R*^, R^, and 
R^ are independently selected/from the group consisting of 
hydrogen and an agronomical lyy acceptable cation. 



46. The proces 
methyl, and R^ is se 
methyl and ethyl . 



with H2 and a glycine reactant 
ontaining catalyst to form an 
eactant , and 
glycine reactant is 




44 wherein R^ is 
the group consisting of 



f claim 44 wherein: 



47. The 

the ketone is 
in the presence of 
N-substituted glyc 
the N-substit 
phosphonomethylateM tol f orm the N-substituted N- 
(phosphonomethyl ) ^lyVir^e reactant , 

wherein the /glyc\]/ie reactant has formula (IX) : 



o 
II 
c- 



(IX) , 



the N- substituted glycine reactant has formula (II) 



(II) , and 
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and R^^ are independently selected f^om the group 
consisting of hydrogen and an agronotj/ically acceptable 
cation. 

48. The process of claa.m 47 wherein the metal- 
containing catalyst comprises a Aetal selected from the 
group consisting of platinum ar^ palladium. 



49. The process of/ claim 44 wherein: 
the ketone is combined fjith H2 and ammonia in the 
presence of a metal-containing catalyst to form a primary 
amine , 

the primary amine is/combine,d with HCN and a source 
of CH2O to form a nitril 

the nitrile is^ydrolyzed to form an N-substituted 



glycine reactant,/ and 
the N- subs t/St tut ei 



phosphonomethyl 
(phosphonomethyl^ ) 

wherein th 
formula (II) : 



lycine reactant is 
irm the N-substituted N- 



me \reactant, 
lubstifeuted glycine reactant has 



o 
II 

\o — c- 



' I 
R C— H 

1 2 



(II) , and 



R^ is selected /from the group consisting of hydrogen and 
an agronomica]/ly acceptable cation. 



50 



The process of claim 44 wherein: 
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the ketone is combined with H2 ai/d ammonia in the 
presence of a first catalyst comprising a metal to form a 

primary amine, / 

the primary amine is converted into an amide, 

the amide is combined with c/o and a source of CH2O in 
the presence of a second catalyst comprising a metal 
selected from the group consisl:ing of cobalt and 
palladium to form an N- substituted glycine amide, 

the N- substituted glycine amide is hydrolyzed to 
form an N- substituted glycine reactant, and 

the N-substituted glycine reactant is 
phosphonomethylated to fotm the N-substituted N- 
(phosphonomethyl) glycine/ reactant^ 

wherein the ^N-^bstitute^/^lycine reactant has 

formula (II) : V y 

Rr o -/ ^/yp H 2 ~ N — H 
1 // \ — 

y \ (II) / and 

is selected fr|6m\the group consisting of hydrogen and 
an agronomically/acaeptable cation. 

51. /The process of claim 44 wherein: 
the ketonte is combined with H2 and monoethanolamine 

in the presence of a metal -containing catalyst to form an 

N-substituted monoethanolamine, 

the N-substituted monoethanolamine is combined with 

a strong base in the presence of a catalyst comprising 

copper to form an N-substituted glycine reactant, and 

/ 128 



10 



the N- substituted glycine reactant is 
phosphonomethylated to form the N-^ubstituted N- 
(phosphonomethyl) glycine reactant/ 

wherein the N- substituted mpnoethanolamine has 

formula (XI) : 



(XI) , 



the N-substituted glycine Reactant has formula (II) 



15 



I.r) , and 
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comprises NaOH. 



54 . 

is acetone. 




is selected fro 
an agronomical ly Acc 



p consisting of hydrogen and 
le cation. 



s of claim 51 wherein the base 



53 . I^hfe Drocesi of claim 51 wherein the 
ketone, monoetj^nil amine, and H2 are combined essentially 
in the absence q/f \any non-reactive solvent. 



process of claim 53 wherein the ketone 



55./ A process for the preparation of N- 
(phosphonomethyl) glycine or a salt thereof, the process 
comprising : 
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converting an N- substituted glyc^me salt into an N- 
substituted glycine free acid, 

phosphonomethylating the N-suby^tituted glycine free 
acid to form an N-substituted N- (Rnosphonomethyl) glycine, 
and 

combining the N-substitutea N- 
(phosphonomethyl) glycine or a s/alt thereof with oxygen in 
the presence of a noble metal /catalyst in an oxidation 

reaction zone, 

wherein the N- substituted glycine free acid has 

formula (XII) : 



(XII) ; 



the N-substituted gl 



the N-substitute 
(I) : 



20 




It has formula (XIII) 



(XIII) ; 



sphonomethyl) glycine has formula 



— N— CH2 

I 

— C— H 

2 



P — OH 
I 

OH 



(I) ; 
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and are independently selected firom the group 
consisting of hydrogen, halogen, -I>o/r.^^R^\ -SO^R'^^ -NO2, 
hydrocarbyl, and substituted hydrocArbyl other than 
-COjR^^; R^ is an agronomical ly acceptable cation; R^^, R^\ 
and R^^ are independently selected/ from the group 
consisting of hydrogen, hydrocarbyl , and substituted 
hydrocarbyl; and R^^ is selected/ from the group consisting 
of hydrogen, hydrocarbyl, substituted hydrocarbyl, and an 
agronomically acceptable cation. 

56. The process yof claim 55 ^jA^erein the N- 
substituted glycine salt is convertedx^mto the N- 



ee 



.cid by oOTitacting a mixture 
.ted glycine salt with a first 



substituted glycine f^^\ 
comprising the N-subs.tit 

side of a cation ex^h^nge m^Riorane while simultaneously 

sldfe o<t the cation exchange membrane 
7^(phos^honomethyl ) glycine mixture 
Isr-Mbstitutted N- 

salt thereof, and (b) a 
pjtc^ of no greater than about 1.0. 



contacting a second 



with an N-substituted 



comprising (a) the 
(phosphonomethyl) gl 
strong acid having 



ilne or th( 



57 . The/ pr( 
acid comprises Yi^HO^, 



less of claim 56 wherein the strong 



58. T/he process of claim 56 wherein, after 
being contacted/ with the second side of the cation 
exchange membrane, the N-substituted N- 

(phosphonometh/yl) glycine mixture is combined with oxygen 
in the presence of the noble metal in the oxidation 
reaction zon< 
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59. The process of claim SB wherein is 
methyl, and is selected from the gyboup consisting of 
methyl and ethyl . 

60. The method of clain/ 58 wherein the N- 
substituted N- (phosphonomethyl) g/ycine mixture does not 
contain a halogen. 



61. The process of /claim 55 wherein the N- 
substituted glycine salt is Converted into the N- 
substituted glycine free aci/d by contacting a mixture 
comprising the N-substitute^ glycine salt with a first 

embr^iie while simultaneously 



side of a cation exchange 
contacting a second Bide 
with a mixture comprd-sms 
greater than about. 



62. The 



le cation exchange membrane 
strong acid having a pK^ of no 



substituted glyci 
substituted glycij?^e 

combining P 
mixture comprising 

separating H 



^c/cess of claim 55 wherein the N- 



felt\ 



ee 



l\ /arid w< 



l\f: 



is converted into the N- 
acid by a process comprising: 
iter to form a PCI3 hydrolysis 
3 akd HCl; 

om the PCI3 hydrolysis mixture to 
g mixture and an HCl -containing 

mixture ; and 

contacting/ the HCl -containing mixture with a first 
side of a cation exchange membrane while simultaneously 
contacting a sfecond side of the cation exchange membrane 
with a mixture comprising the N- substituted glycine salt 



form an H3P03-con 



am: 



63/. 

are hydrogen . 



The method of claim 62 wherein R^ and R^ 
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64. A process for the pree'aration of an N- 
substituted N- (phosphonomethyl) glycdyhe or a salt thereof, 
the process comprising: 

combining a source of H3PO3, a/ source of CH2O, and an 
N-substituted glycine salt in a reaction zone to form a 
first mixture which comprises (a/ the N-substituted N- 
(phosphonomethyl) glycine or the /salt thereof, and (b) a 
salt precipitate; 



whi 



/ 



Lome: 



separating salt precigj 
to form a second mixtur 
substituted N- (phosph 

thereof ; 

adding a base to t 
N-substituted N- (phbs 



e from the first mixture 
comprises the N- 
Ivcine or the salt 



Lon< 



ecpfid mixture to precipitate 
ethyl) glycine or the salt 



thereof; and 

separating the precipitated N-substituted N- 
(phosphonomethyDglycinJ or salt thereof from the second 
mixture to recover the Precipitated N-substituted N- 
(phosphonomethyl) glycine or salt thereof and form a 

residual mixture, 

wherein the N-su^st ituted N- (phosphonomethyl) glycine 



has formula (I) : 



HO-t c — CHo — 



R — 



N— CH2 

I 

C— H 

1,= 



O 
II 

P— OH 
I 

OH 



(I) ; 



the N-substituted glycine salt has formula (XIII) : 
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R®o- 



o 
M 
c- 



CH,— N — H 
R^ — C— 

I2 



25 



(XIII) ; 



and r2 are independently selected from the group 
consisting of hydrogen, halogen, -P03R''R^\ -SO^R''' , -NO2, 
hydrocarbyl, and substituted hydrocarbyl other than 
-C02R^^; is an agronomical ly acceptable cation; R^^, R^^/ 
3 0 and R^^ are independently s/elgcted from the group 

consisting of hydrogen ,J^r6^^ and substituted 

hydrocarbyl; and R^^ y§ sLyioyBA from the group consisting 
of hydrogen, hydro (T^rby/f^^;:^^ hydrocarbyl, and an 

agronomically accept^ 



fe catK 



65. The 
of H3PO3 comprises PC/.3 . 



of claim 64 wherein the source 



66. The jprocess of claim 64 wherein the salt 
precipitate comprises chlorine. 

67. Thfe process of claim 64 wherein R^ and R^ 
are hydrogen . 



68. JThe process of claim 64 wherein R is 
methyl and R^ ife hydrogen. 



69./ The process of claim 64 wherein R is 
methyl and R^/is selected from the group consisting of 
methyl and ethyl . 
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70. The 



portion of the re 
reaction zo 
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s.s-^'of claim 64 wherein at least a 
ixture is recycled to the 



, 71. The process o 
the preparation of N- (phosphcj) 
thereof by a process compris 
N- substituted N- (phosphonome 
thereof with oxygen in the 
catalyst . 




64 further comprising 
thyl) glycine or a salt 
combining the recovered 
) glycine or the salt 
ce of a noble metal 



72. A process for the preparatiojr of an N- 
substituted N- (phosphonomethyl ) glycine a salt thereof, 
the process comprising: 

combining a source of H3PO3 and:'^an N- substituted 
glycine salt in a reaction zone/to form a first mixture 
which comprises (a) an N-sub^^tuted glycine free acid, 
and (b) a salt pre;>drpimte 

separating/^lt /pyeoapitate from the first mixture 
to form a secgmd mi^^m^ comprising the N- substituted 



CH2O to the second mixture to form 



10 glycine free/aci 

adding b sburofe^f 
a third mixturq^Xich y/omprises the N- substituted N- 
(phosphonomethyY)^gif^ine or the salt thereof; 

adding a ybase to the third mixture to precipitate N- 
15 substituted ^- (phosphonomethyl) glycine or the salt 
thereof ; a 

separating precipitated N- substituted N- 
(phosphoftomethyl) glycine or the salt thereof from the 
third Tp-xture to recover the precipitated N- substituted 
2 0 N- (phdsphonomethyl) glycine or salt thereof and form a 
residual mixture; 



135 



MTC 6770 
39-21 (3696) B 
PATENT 

wherein the N-substituted N- (ph^r^sphonomethyl) glycine 
has formula (I) : 



HO— C — CH„ — N— CH,— 
r' — C— H 



the N-substituted glycine salt/ has formula (XIII) 




(I) ; 



the N-substitute 




(XIII) ; 



e acid has formula (XII) 



(XII) ; 



and are independently selected from the group 
consisting of hydrogen, halogen, -P03R'^R^\ -S03R^S -NO2, 
hydrocarbyl, and^ substituted hydrocarbyl other than 



/ 



-COsR^^; is an agronomically acceptable cation; R^^, R^^, 
and R^^ are independently selected from the group 
consisting of /hydrogen, hydrocarbyl, and substituted 
hydrocarbyl; /and R^^ is selected from the group consisting 
of hydrogen,/ hydrocarbyl, substituted hydrocarbyl, and an 
agronomically acceptable cation. 



/73 . The process of claim 72 wherein the source 



of H3PO3 comprises PCI3 . 
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74 . The process of claim 72 whej^ein the salt 
precipitate comprises chlorine. 

75. The process of claim 72 wherein and R^ 
are hydrogen . 




claim 72 wherein R^ is 



7 6 . The pr 
methyl and R^ is hyd 



77. The process of claim 72 wherein at least a 
portion of t^e residual mixture is recycled to the 
reaction zone. 



* 78. The process of 
the preparation of N- (phosph^ 
thereof by a process compri 



N- substituted N- (phosphonom 
thereof with oxygen in the 
catalyst . 





im 7^ further comprising 
:nyl) glycine or a salt 
::ombining the recovered 
glycine or the salt 
ce of a noble metal 



79. A process for the preoaraticm of an N- 
substituted monoethanol amine , the pr^^ss comprising 
combining a ketone, monoethanolatpilie, and H2 in the 
presence of a metal -containing^ ::atalyst and essentially 
in the absence of any non-^active solvent, 

wherein the N-subSyfe^tuted monoethanolamine has 
formula (XI) : 



H — C — N — CH 



R H 



CH20H 



(XI) , 
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the ketone has formula (VIII) : 



and are independently selected from the group 
consisting of hyd^carbyl and substituted hydrocarbyl 



80. The process^ of clai,m--7'9 wherein the metal- 
containing catalyst con^^ii^^^s^ metal selected from the 
group consisting^f'^p^^^^^ and platinum. 

81. The process of claim 79 wherein the ketone 
is acetone. 

82 . An oxidation catalyst comprising a noble 
metal and an electroactive molecular species. 

83 . The oxidation catalyst of claim 82 wherein 
the electroactive molecular species is hydrophobic. 

84. The oxidation catalyst of claim 82 wherein 
the electroactive molecular species has an oxidation 
potential of at least about 0.3 volts vs. SCE . 

85. The oxidation catalyst of claim 82 wherein 
the electroactive molecular species comprises a compound 
selected from the group consisting of triphenylmethane; N- 
hydroxyphthalimide; 2,4, 7-trichlorof luorene; tris (4- 
bromophenyl) amine; 2 , 2 , 6 , 6 -tetramethyl piper idine N- oxide; 
5,10, 15, 20-tetraphenyl-21H, 23H-porphine iron(III) 
chloride; 5, 10, 15 , 20- tetraphenyl -21H, 23H porphine 

nickel (II) ; 4,4* -dif luorobenzophenone ; 5,10,15,20- 
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tetrakis (pentaf luorophenyl) -21H, 23H-porphine iron (III) 
10 chloride; and phenothiazine . 

86. The oxidation catalyst of claim 82 wherein 
the electroactive molecular species comprises 2,2,6,6- 
tetramethyl piperidine N-oxide. 

87. The oxidation catalyst of claim 82 wherein 
the electroactive molecular species comprises a 
triarylamine . 

88. The oxidation catalyst of claim 82 wherein 
the electroactive molecular species comprises N,N'-bis(3- 
methylphenyl) -N,N' -diphenyl benzidine. 

89. The oxidation catalyst of claim 82 wherein 
(a) the catalyst further comprises a promoter, and (b) at 
least about 0.05% by weight of the catalyst consists of 
the promoter. 

90. The oxidation catalyst of claim 89 wherein 
the promoter comprises a metal selected from the group 
consisting of aluminum, ruthenium, osmium, indium, 
gallium, tantalum, tin, and antimony. 

91. The oxidation catalyst of claim 82 further 
comprising a support comprising a material selected from 
the group consisting of carbon, alumina, silica, titania, 
zirconia, siloxane, and barium sulfate. 

92. The oxidation catalyst of claim 91 wherein 
the support comprises a material selected from the group 
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consisting of alumina, silica, titania, zirconia, 
siloxane, and barium sulfate . 

93. The oxidation catalyst of claim 91 wherein 
the support comprises a material selected from the group 
consisting of silica, titania, and barium sulfate. 

94. The oxidation catalyst of claim 91 wherein 
the support comprises graphitic carbon. 

95. The oxidation catalyst of claim 82 wherein 
the noble metal is on a support which comprises a polymer. 

96. The oxidation catalyst of claim 95 wherein 
the support comprises a polymer selected from the group 
consisting of polyamide, polyimide, polycarbonate, 
polyurea, and polyester. 

97. The oxidation catalyst of claim 95 wherein 
the support comprises - a polymer selected from the group 
consisting of polyethylene imine, polyaminostyrene, 
sulfonated polystyrene, polyvinyl pyridine, and a salt of 
polyacrylic acid. 

98. The oxidation catalyst of claim 95 wherein 
the support comprises polystyrene. 

99. The oxidation catalyst of claim 95 wherein 
the support comprises polystyrene substituted with 
dimethylamine groups. 
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100. The oxidation catalyst of claim 95 wherein 
the support comprises sulfonated polystyrene. 

101. The oxidation catalyst of claim 95 wherein 
the support comprises polyvinyl pyridine. 
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